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Table 1: Penchansky definition of access in the context of healthcare services
Concept Definition
Availability The relationship of the volume and type of existing services (and resources) to the clients' volume and  
types of needs. It refers to the adequacy of the supply of physicians, dentists and other providers; of 
facilities such as clinics and hospitals; and of specialised programs and services such as mental health and 
emergency care.
Accessibility The relationship between the location of supply and the location of clients, taking account of client 
transportation resources and travel time, distance and cost.
Accommodation The relationship between the manner in which the supply resources are organised to accept clients 
(including appointment systems, hours of operation, walk-in facilities, telephone services) and the clients' 
ability to accommodate to these factors and their perception of their appropriateness.
Affordability The relationship of prices of services and providers' insurance or deposit requirements to the clients' 
income, ability to pay and existing health insurance. The clients’ perception of worth relative to total cost is 
a concern here, as is their knowledge of prices, total cost and possible credit arrangements.
Acceptability The relationship of clients' attitudes about personal and practice characteristics of providers to the actual 
characteristics of existing providers, as well as to provider attitudes about acceptable personal characteristics 
of clients. In the literature the term appears to be used most often to refer to specific consumer reaction 
to such provider attributes as age, sex, ethnicity, type of facility, neighbourhood of facility, or religious 
affiliation of facility or provider. In turn, providers have attitudes about the preferred attributes of clients or 
their financing mechanisms. Providers either may be unwilling to serve certain types of clients (e.g. welfare 
patients) or, through accommodation, may make themselves more or less available.
Source: Penchansky R, Thomas JW. The concept of access: definition and relationship to consumer satisfaction. Med Care 1981; 19(2): 
127–140.
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Introduction
Measuring accessibility has become more common in 
the literature in recent years—indeed, accessibility is 
often a ‘variable’ within regression analyses seeking 
to determine associations between health and 
outcomes. The purpose of this paper is to report on 
the importance of having a clear definition of access 
in public health research, and to demonstrate how a 
geographic definition was applied in the Cardiac  
ARIA project. 
Accessibility can be defined as ‘the ease of approach 
from one location to another measured in terms of 
distance travelled, the cost of travel, or the time taken’. 
Remoteness can be defined as ‘distant or far away 
geographically’.1 These concepts are at the heart of 
geographic models of access and remoteness, the 
underlying principle of which is the impact that distance 
plays in assisting or hampering access to goods and 
services—in this case, access to healthcare services.
We acknowledge that these definitions refer to physical 
rather than social accessibility, which could include class 
structure, income, age, education, gender or ethnicity, 
and the impact these factors can have in accessing 
services. While ‘access’ is a major concern in healthcare 
policy, it is also one of the most frequently used words 
in discussions of the healthcare system. Access is an 
important concept in health policy and health services 
research, yet it is often not defined or employed 
precisely. To some, access refers to entry into or use of 
the healthcare system, while to others it characterises 
factors influencing entry or use. In the pinnacle paper 
by Penchansky and Thomas, access is defined as a 
general concept that summarises a set of more specific 
dimensions describing the fit between the patient and 
the healthcare system. The specific dimensions are 
availability, accessibility, accommodation, affordability 
and acceptability. The Penchansky taxonomy is defined 
in more detail in Table 1.2 
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Figure 1: Accessibility and Remoteness Index of Australia (ARIA) 
Measuring accessibility in Australia
One of the earlier Australian remoteness classifications 
was the Rural, Remote and Metropolitan Areas (RRMA) 
classification. It was developed in 1994 by the then 
Departments of Primary Industry and Energy and 
Human Services and Health in response to concerns in 
the Commonwealth Department of Health about the 
level of health service provided to rural and remote 
areas.3 In essence, RRMA defined remoteness in terms 
of ‘distance’ based on a straight line (Euclidean or ‘as 
the crow flies’) between the centroid (or centre-most 
point) of a statistical local area (SLA) and the centroid 
of the nearest service centre, coupled with a ‘personal 
distance’ factor based on population density. Although 
the publication of RRMA was significant, a number 
of limitations in its application became apparent over 
time, for example its use of Euclidean distances rather 
than established road or air networks, its reliance on 
SLAs, the use of the word ‘rural’, and inclusion of a 
personal distance factor.3 These issues and others, more 
notably RRMA’s increasing incompatibility with recent 
policy and analysis (particularly at the town level), 
provided the impetus for the development in 1997 of 
a new geographic remoteness index—the Accessibility/
Remoteness Index Australia (ARIA).4 ARIA replaced 
RRMA and has been modified to measure all essential 
community services (Figure 1).5 
In order to systematically tailor services to meet the 
needs of Australians living in regional locations, a 
workable definition of ‘remoteness’ (identified as a 
lack of accessibility to services regarded as normal 
in metropolitan areas) was required.6 In 1996–97 
the National Key Centre for Social Applications of 
Geographical Information Systems (GISCA) at The 
University of Adelaide was commissioned to assist the 
Australian Bureau of Statistics (ABS) in its review of the 
Australian Standard Geographical Classification (ASGC). 
This review included quantifying the measurement of 
remoteness in a more-or-less objective way. GISCA 
recommended applying geographic information system 
(GIS) techniques to construct a remoteness measure. 
The resulting ARIA was designed to be comprehensive, 
sufficiently detailed, as simple as possible, transparent, 
defensible and stable over time—and to make sense 
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‘on the ground.’6 ARIA was also designed to be an 
unambiguously geographical approach to defining 
remoteness—that is, socioeconomic, urban/rural and 
population size factors were not incorporated into 
the measure. The 2007 version of ARIA (ARIA++) 
calculated remoteness as accessibility to service 
centres based on road distances. Remoteness values 
for 20 387 populated localities were derived from the 
road distance to service centres in four categories (a 
weighting factor is applied for islands). Remoteness 
values for each populated locality are then interpolated 
to a 1 km grid that covers the whole of Australia and 
averages are calculated for larger areas. To create an 
associated classification, ARIA values are grouped into 
the following five categories using a 0–18 continuous 
variable:6
1.  Highly Accessible (ARIA score 0 to <0.20)—relatively 
unrestricted accessibility to a wide range of goods 
and services and opportunities for social interaction.
2.  Accessible (ARIA score 0.20 to <2.40)—some 
restrictions to accessibility of some goods, services 
and opportunities for social interaction.
3.  Moderately Accessible (ARIA score 2.40 to <5.95)—
significantly restricted accessibility of goods, services 
and opportunities for social interaction.
4.  Remote (ARIA score 5.95 to <10.5)—very restricted 
accessibility of goods, services and opportunities for 
social interaction.
5.  Very Remote (ARIA score 10.5 to <15)—very little 
accessibility of goods, services and opportunities for 
social interaction.
The ARIA classification has been widely accepted by a 
variety of users since its release in 1999. As a result, the 
ABS included ARIA scores as part of the 2001–2006 
Census data releases. The ARIA framework has also 
been used as the basis of the development of derivative 
indexes. Within the Department of Health and Aged 
Care, a GPARIA using a different ‘basket’ of services 
was developed for all localities to assist in determining 
retention payments for general practitioners (GPs) living 
in non-metropolitan areas and to define categories of 
service centres.7 Similarly, a PhARIA was developed for 
retention payments for pharmacies in rural and regional 
areas.8 There have also been many epidemiological 
publications demonstrating the relationship between 
access to services and disease and risk of disease using 
the ARIA.9–15
The Cardiac ARIA project 
Physical or geographic accessibility was the underlying 
basis of the methodology developed for the Cardiac 
ARIA project, which was based on the ARIA conceptual 
framework.6 Timely access to appropriate cardiac care is 
critical for optimising outcomes after a cardiac event.16 
The aim of this project was to derive an objective, 
comparable, geographic measure that reflects access to 
cardiac services along the road network for Australia’s 
20 387 population localities. 
Methods
An expert panel defined a single patient care pathway 
for cardiac events and the services and facilities 
required to manage defined cardiac events. The events 
included cardiac arrest, acute coronary syndrome, acute 
decompensating heart failure and life-threatening 
arrhythmias. Nine datasets were included for the GIS 
modelling phase of the project, including the Australian 
road network, population localities, ambulance stations, 
hospitals and clinics, general practices, pharmacies, 
cardiac rehabilitation services and pathology 
laboratories.
GIS methodology was used to build a numeric/
alpha index to measure acute and after-care cardiac 
accessibility. The acute index (numeric) ranged (Figure 
2) from 1 (access to tertiary centre with Percutaneous 
Coronary Interventions (PCI)a  ≤ 1 hour) to 8 (no 
ambulance service, > 3 hours to medical facility, air 
transport required). The after-care index was modelled 
into five alphabetic categories: A (access to GP, 
pharmacy, cardiac rehabilitation, pathology ≤ 1 hour) to 
E (no services available within 1 hour). 
Similar to the ARIA, the Cardiac ARIA can be 
aggregated to other areal units such as a local 
government area, statistical local area, postcode, 
suburb, census collection district or any other user-
defined catchment. This enables the incorporation of 
population data for these units to be associated with 
a Cardiac ARIA score so that estimates of population 
numbers at risk can be calculated.6 
Results
The results of analysis of the key population 
characteristics for each Cardiac ARIA category are 
presented in Table 2. In 2006, 70.6% or 13.9 million 
Australians (68% of older persons) resided within a 
Cardiac ARIA category 1A location (access to tertiary 
centre with PCI ≤ 1 hour and access to GP, pharmacy, 
aPreviously called Angioplasty, Percutaneous Transluminal 
Coronary (PTCA), or Balloon Angioplasty.
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Figure 2: Accessibility to category 1 public hospitals in Australia
cardiac rehabilitation, pathology ≤ 1 hour). For 
Indigenous people, only 40% had access to a category 
1 hospital and services to support cardiac rehabilitation, 
and 12% (56000) resided 3 hours or more from a 
hospital and only had access to service to support one 
rehabilitation (Table 2). Disparity in access to category 
1A cardiac services was demonstrated for 5.8 million 
(30%) of all Australians, 60% of Indigenous people and 
32% of people over 65 years of age (Table 2).
Implications for practice
Our study has provided a geographic measure of 
access to cardiac services but does not measure health 
system performance. Therefore, it reflects ‘what should 
happen…not what does happen’. The Cardiac ARIA 
focuses on community access/support as opposed 
to medically centred responses. This could allow 
communities to be proactive by taking the lead to 
improve access to cardiac services based on the Cardiac 
ARIA for their population locality. The Cardiac ARIA will 
be iterative as data access improves, and the results can 
then be used to identify geographic hotspots where 
there is a mismatch between demand and provision 
of cardiac services. Inequities in access in rural areas 
will continue without system changes. Public health 
researchers can use the Cardiac ARIA to determine 
cardiovascular health service delivery against service 
requirements in an objective way. 
For population localities with limited access to cardiac 
services (i.e. high Cardiac ARIA scores), a case could 
be made for innovative practice such as virtual or 
electronically supported cardiac care.
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Cardiac ARIA 
category
Persons  
n (%)
Indigenous 
persons 
n (%)
Persons aged 
≥ 45 years  
n (%)
Persons aged 
≥ 55 years  
n (%)
Persons aged 
≥ 65 years  
n (%)
Persons aged 
≥ 75 years  
n (%)
Persons aged 
≥ 85 years  
n (%)
1A 13 983 696 
(70.58%)
180 210 
(39.74%)
5 171 675 
(68.19%)
3 257 449 
(67.48%)
1 784 081 
(67.56%)
882 236 
(69.47%)
229 650 
(71.19%)
2A 1 645 086 
(8.30%)
47 821 
(10.55%)
646 419 
(8.52%)
415 277 
(8.60%)
230 228 
(8.72%)
108 312 
(8.53%)
26 429 
(8.19%)
3A 1 100 338 
(5.55%)
32 252 
(7.11%)
457 016 
(6.03%)
303 527 
(6.29%)
172 781 
(6.54%)
80 687 
(6.35%)
19 495 
(6.04%)
4A 1 127 226 
(5.69%)
39 983 
(8.82%)
487 006 
(6.42%)
323 185 
(6.70%)
181 727 
(6.88%)
84 194 
(6.63%)
20 325 
(6.30%)
4B 7 183 
(0.04%)
78  
(0.02%)
2 848 
(0.04%)
1 787 
(0.04%)
1 058 
(0.04%)
519 (0.04%) 132 (0.04%)
4C 89 497 
(0.45%)
2 718  
(0.60%)
37 732  
(0.50%)
24 873 
(0.52%)
14 068 
(0.53%)
6 774 
(0.53%)
1 693 
(0.52%)
5A 669 981 
(3.38%)
27 182 
(5.99%)
295 491 
(3.90%)
196 465 
(4.07%)
107 617 
(4.08%)
48 198 
(3.80%)
11 871 
(3.68%)
5B 101 629 
(0.51%)
8 358  
(1.84%)
44 621 
(0.59%)
30 469 
(0.63%)
17 680 
(0.67%)
8 250 
(0.65%)
2 115 
(0.66%)
5C 223 851 
(1.13%)
23 463 
(5.17%)
88 823 
(1.17%)
56 556 
(1.17%)
29 924 
(1.1%)
13 442 
(1.06%)
3 463 
(1.07%)
5D 102 898 
(0.52%)
17 191 
(3.79%)
31 759 
(0.42%)
17 391 
(0.36%)
7 827 
(0.30%)
3 206 
(0.25%)
739 (0.23%)
6A 486 069 
(2.45%)
12 485 
(2.75%)
219 102 
(2.89%)
139 819 
(2.90%)
67 266 
(2.55%)
25 223 
(1.99%)
5 074 
(1.57%)
6B 44 293 
(0.22%)
2 044  
(0.45%)
19 229 
(0.25%)
11 939 
(0.25%)
5 445 
(0.21%)
1 901 
(0.15%)
316 (0.10%)
6C 79 455 
(0.40%)
3 103 
(0.68%)
34 157 
(0.45%)
20 800 
(0.43%)
9 294 
(0.35%)
3 091 
(0.24%)
543 (0.17%)
6D 40 411 
(0.20%)
10 777 
(2.38%)
13 573 
(0.18%)
7 751 
(0.16%)
3 090 
(0.12%)
966 (0.08%) 157 (0.05%)
6E 16 139 
(0.08%)
975 (0.22%) 6 128 
(0.08%)
3 523 
(0.07%)
1 414 
(0.05%)
409 (0.03%) 66  
(0.02%)
7D 40 809 
(0.21%)
34 219 
(7.55%)
8 246 
(0.11%)
4 079 
(0.08%)
1 684 
(0.06%)
595 (0.05%) 129 (0.04%)
8C 2 332 
(0.01%)
62  
(0.01%)
1 406 
(0.02%)
1 056 
(0.02%)
486 (0.02%) 141 (0.01%) 16  
(0.00%)
8D 3 757 
(0.02%)
1 987 
(0.44%)
977 (0.01%) 509 (0.01%) 218 (0.01%) 69  
(0.01%)
19  
(0.01%)
8E 29 764 
(0.15%)
8 225 
(1.81%)
9 733 
(0.13%)
5 379 
(0.11%)
2 101 
(0.08%)
661 (0.05%) 132 (0.04%)
NA 18 666 
(0.09%)
296 (0.07%) 7 760 
(0.10%)
5 175 
(0.11%)
2 678 
(0.10%)
1 137 
(0.09%)
243 (0.08%)
Total 19 813 080 453 429 7 583 701 4 827 009 2 640 667 1 270 011 322 607
Table 2: ABS Census data 2006 key characteristics of Cardiac ARIA categories
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Recommendations for further Research
Outcomes from the Cardiac ARIA project will provide 
extensive opportunities for further research. We are 
currently awaiting a national mortality dataset from 
the Australian Bureau of Statistics to complete further 
modeling to determine if there is a correlation between 
Cardiac ARIA categories and health outcomes. Other 
sources of data for this project include risk factor data 
and outcomes from the North West Adelaide Health 
Survey and the Greater Green Triangle risk Factor Study.
Limitations
The Cardiac ARIA is dependent on the quality of data 
that is acquired, and will be iterative as data is updated 
and access to key national datasets improves. The index 
demonstrates geographic access to cardiac services 
rather than the performance of the healthcare system. 
Conclusion
Our study has shown that in 2006 the majority of 
Australians were geographically located in communities 
that have timely access for survival of a cardiac event. 
The time it takes for systems to mobilise, rather than 
the distance to services, may be more important when 
determining the outcomes for a cardiac event for this 
proportion of the population. A key outcome of the 
Cardiac ARIA project was to make a contribution to 
improve heart health for all Australian communities. 
The Cardiac ARIA is a potentially powerful tool for 
policy makers and researchers to both highlight and 
combat the burden of cardiovascular disease in urban, 
rural and remote Australia by classifying access to 
cardiac services in an objective geographic way that 
establishes a benchmark for practice.
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